dence to support a recommendation for the use of multivitamin/mineral supplements in the primary prevention of chronic disease." 19 A National Institutes of Health-sponsored State-of-theScience Conference also concluded that the present evidence is insufficient to recommend either for or against the use of [multivitamins] to prevent chronic disease. 20 Despite the lack of definitive trial data regarding the benefits of multivitamins in the prevention of chronic disease, including cancer, many men and women take them for precisely this reason. 21 Thus, definitive information on the potential benefits, risks, or lack thereof, related to taking a daily multivitamin may have substantial effects on personal and clinical decision making and policy making. The Physicians' Health Study II (PHS II) represents the only large-scale, randomized, doubleblind, placebo-controlled trial testing the long-term effects of a common multivitamin in the prevention of chronic disease. We present the findings for multivitamin use on total and other common site-specific cancers; the effects of a multivitamin on cardiovascular events, eye disease, and cognitive decline are being published separately.
METHODS

Design
The PHS II was a randomized, doubleblind, placebo-controlled, 2ϫ2ϫ2ϫ2 factorial trial evaluating the balance of risks and benefits of a multivitamin (Centrum Silver or its placebo daily; Pfizer [formerly Wyeth, American Home Products, and Lederle]), vitamin E (400-IU synthetic ␣-tocopherol or its placebo on alternate days; BASF Corporation), vitamin C (500-mg synthetic ascorbic acid or its placebo daily; BASF Corporation), and beta carotene (50-mg Lurotin or placebo on alternate days; BASF Corporation) in the prevention of cancer, cardiovascular disease, eye disease, and cognitive function among 14 641 male physicians aged 50 years or older. 22 The beta carotene component was terminated on schedule in March 2003. Treatment and follow-up of the vitamin E and vitamin C components continued through August 31, 2007 , their scheduled end, with findings of no overall association reported for cancer 18 and cardiovascular disease. 23 The study design of PHS II has been previously described in detail. 18, 22, 23 The recruitment, enrollment, and randomization of men into PHS II occurred in 2 phases (FIGURE 1). Beginning in July 1997, during phase 1, we invited 18 763 living participants from PHS I, a randomized trial of low-dose aspirin and beta carotene among 22 071 male physicians, 14, 24 to participate in PHS II. Men were ineligible if they reported a history of cirrhosis, active liver disease, were taking anticoagulants, or reported a serious illness that might preclude participation. Men also must have been willing to forego the use of multivitamins or individual supplements containing more than 100% of the recommended dietary allowance of vitamin E, vitamin C, beta carotene, or vitamin A. Those men with a history of cancer, as well as myocardial infarction or stroke, remained eligible to enroll into PHS II. We randomized 7641 willing participants (41%) from PHS I into PHS II and retained their original PHS I beta carotene treatment assignment.
Beginning in July 1999, during phase 2, invitational letters and baseline questionnaires were mailed to 254 597 US male physicians aged 50 years or older identified from a list provided by the American Medical Association. Through July 2001, 42 165 men responded, of whom 11 128 were willing and eligible. A 12-week placebo, run-in period excluded men who were nonadherent. 25 Of 11 128 physicians who entered the run-in phase, 7000 (63%) willing and eligible men took at least two-thirds of their pills and were randomized into PHS II, resulting in a total of 14 641 participants.
Men were randomized in blocks of 16, stratified by age (in 5-year age groups), prior cancer, prior cardiovascular disease, and, for the 7641 participants in PHS I, their original beta carotene treatment assignment. There were 1312 men (9.0%) with a history of cancer (excluding nonmelanoma skin cancer) before randomization into PHS II through either confirmed events among PHS I participants or self-reports among new PHS II participants. All participants provided written informed consent and the institutional review board at Brigham and Women's Hospital, Boston, Massachusetts, approved the PHS II research protocol.
Treatment, Follow-up, and Adherence
Participants were sent monthly calendar packs containing a multivitamin or placebo (taken daily) every 6 months for the first year, then annually thereafter. We also sent participants annual questionnaires asking about adherence, adverse events, new end points, and risk factors. A National Death Index search was performed for any participants with unknown vital status. Blinded treatment and follow-up continued through June 1, 2011, the scheduled end of the multivitamin component of PHS II, for a median (interquartile range) follow-up of 11.2 (10.7-13.3) years. Data analyses included validated end points that occurred during randomized treatment and were reported by August 2012. Morbidity and mortality follow-up in PHS II were extremely high, at 98.2% and 99.9%, respectively. Furthermore, morbidity and mortality follow-up as a percentage of person-time each exceeded 99.9%, with only 2991 and 79 person-years of morbidity and mortality follow-up lost out of 164 320 person-years of follow-up through June 1, 2011.
Confirmation of Cancer End Points
For the multivitamin component, the primary end points were total cancer (excluding nonmelanoma skin cancer) and major cardiovascular events. Prespecified secondary cancer end points included prostate, colorectal, and other site-specific cancers. Epithelial cell cancer, total and cancer mortality, and cancer-specific death were other end points examined in the analysis. Epithelial cell cancer was limited to carcinomas, which included all cancers except for lymphoma and leukemia. Because prostate cancer comprised more than half of all confirmed cancers in PHS II most likely due to increases in screening for prostate-specific antigen levels and detection of less aggressive cancer, we also evaluated the end point of total minus prostate cancer.
All cancer and mortality end points were assessed and validated by medical record review by the PHS II Endpoints Committee composed of physicians blinded to treatment assignment; 96.9% of confirmed total cancers were based on pathology or cytology reports. Cases of cancer were otherwise confirmed based on strong clinical and radiological or laboratory marker evidence. Total mortality was confirmed by the PHS II Endpoints Committee or by obtaining a death certificate. Only confirmed cancer and mortality end points are included herein.
Statistical Analyses
All primary analyses classified study participants based on the intention-totreat principle, in which all 14 641 randomized participants were classified according to their randomized multivitamin treatment assignment and followed up until the occurrence of cancer, death, loss to follow-up, or the end of the multivitamin component of PHS II on June 1, 2011, whichever came first. We used SAS version 9.2 (SAS Institute Inc) and S-Plus (Insightful Corporation), with statistical significance set at PϽ.05 using 2-sided tests. The PHS II was estimated to have 80% power to detect a 10% reduction of the multivitamin on the primary end point of total cancer based on event rates among trial participants, with an average adherence of 75% during the entire treatment period and no interaction with other randomized components. Only first cancer events after randomization were considered for analyses of total cancer, epithelial cell cancer, and total minus prostate cancer. For analyses of total cancer, all new cancers were included, regardless of whether the participant had a baseline history of cancer. For analyses of each site-specific cancer, we excluded participants if they had a baseline history of cancer of that site. Thus, these analyses included 13 980 men initially without prostate cancer, 14 519 initially without colorectal cancer, and 14 610 initially without lung cancer. Analyses of each site-specific cancer did not censor men on occurrence of cancer at another site. In addition, for analyses of site-specific cancer deaths, total cancer mortality, and total mortality, we included all 14 641 participants, and for total mortality, we additionally stratified on the presence of cardiovascular disease at randomization.
We tested the Cox proportional hazards regression assumptions by including an interaction term for treatment with the logarithm of time; this assumption was not violated for total cancer, prostate cancer, colorectal cancer, or other site-specific cancers (each PϾ.05). Cumulative incidence curves compared the overall effect of the multivitamin intervention on total and major site-specific cancers over time using a crude log-rank test. We then investigated whether multivitamin adherence affected our primary results through sensitivity analyses.
Additional exploratory analyses examined the effect of the multivitamin intervention on total cancer excluding the first 2 or 5 years of follow-up to explore a possible early vs late benefit associated with long-term multivitamin use. In addition, we conducted subgroup analyses stratified by major cancer risk factors, parental history of cancer, selected dietary factors, and 
Multivitamin Use and Cancer
Overall in PHS II, the rates of total cancer, which included only first cancer events during follow-up, were 17.0 and 18.3 per 1000 person-years in the multivitamin and placebo groups, respectively. Men taking multivitamins had a modest reduction in total cancer incidence (HR, 0.92; 95% CI, 0.86-0.998; P =.04) (TABLE 2). The cumulative incidence curves are shown in FIGURE 2 (crude log-rank, P =.05).
Men taking a multivitamin had a similar modest reduction in total epithelial cell cancer (HR, 0.92; 95% CI, 0.85-0.997; P=.04). Approximately half of all incident cancers were prostate cancer, many of which were early stage. We found no effect of a multivitamin on prostate cancer (multivitamin and placebo groups, 9.1 and 9.2 events, respectively, per 1000 person-years; HR, 0.98; 95% CI, 0.88-1.09; P = .76), whereas a multivitamin significantly reduced the risk of total cancer excluding prostate cancer (HR, 0.88; 95% CI, 0.79-0.98; P=.02). There were no statistically significant reductions in individual site-specific cancers, including colorectal cancer (multivitamin and placebo groups, 1.2 and 1.4 events, respectively, per 1000 person-years; HR, 0.89; 95% CI, 0.68-1.17; P =.39), lung cancer (HR, 0.84; 95% CI, 0.61-1.14; P = .26), and bladder cancer (HR, 0.72; 95% CI, 0.48-1.07; P = .10), although power was limited with fewer events. There was no statistically significant difference in the risk of cancer mortality (multivitamin and placebo groups, 4.9 and 5.6 events, respectively, per 1000 person-years; HR, 0.88; 95% CI, 0.77-1.01; P =.07). Total mortality was not significantly reduced (HR, 0.94; 95% CI, 0.88-1.02; P =.13).
In secondary analyses, the exclusion of the first 2 or 5 years of follow-up did not appreciably alter the results for total cancer. We also considered the effect of adherence during follow-up on our results. In analyses accounting for adherence, we did not detect any material impact on the effect of the multivitamin on risk of total cancer.
Modifiers of the Effect Between Multivitamin Use and Cancer
In subgroup analyses, we examined whether selected baseline characteristics-including clinical, lifestyle, familial, and dietary factors-plus the other 3 randomized interventions from PHS II modified the effect of a daily multivitamin on total cancer (eTable 1, available at http://www.jama.com). For age, the effect of a daily multivitamin on total cancer among men aged 70 years or older revealed an HR of 0.82 (95% CI, 0.72-0.93), but the test for heterogeneity across age groups with men aged 50 to 59 years (HR, 0.96) and 60 to 69 years (HR, 1.01) did not reach significance (P for interaction=.06).
There was significant effect modification by parental history of cancer (P for interaction=.02); men with no parental history of cancer had a beneficial effect of a daily multivitamin on total cancer (HR, 0.86, 95% CI, 0.76-0.98; P =.02), although men with a parental history of cancer did not (HR, 1.05; 95% CI, 0.94-1.17; P = .37). No significant heterogeneity by other clinical, lifestyle, and selected dietary factors, or by the previously terminated randomized vitamin C, vitamin E, and beta carotene interventions of PHS II was found (all P for interaction Ͼ.05).
Based on prespecified hypotheses, daily multivitamin use was associated with a reduction in total cancer among the 1312 men with a baseline history of cancer (HR, 0.73; 95% CI, 0.56-0.96; P=.02), but this result did not significantly differ from that observed among 13 329 men initially without cancer (HR, 0.94; 95% CI, 0.87-1.02; P=.15; P for interaction=.07) (TABLE 3). The overall rates of total cancer were 18.4 and 17.6 per 1000 person-years, respectively, in men with or without baseline cancer. Based on the cumulative incidence curve (FIGURE 3) , a reduction in total cancer among men with a history of cancer at baseline emerged early during multivitamin treatment and follow-up (crude log-rank, P=.02). Furthermore, the effect of a daily multivitamin on total epithelial cancer was stronger among men with a history of cancer at baseline (HR, 0.66; 95% CI, 0.50-0.88; P=.004) than men with no history of cancer (HR, 0.95; 95% CI, 0.87-1.03; P = .21; P for interaction=.02).
Among 1312 men with a baseline history of cancer, information on the number of years since their last cancer diagnosis was reported in 1279 men (97.5%), with 620 men (77 cases of total cancer) last diagnosed less than 5 years before PHS II baseline and 659 men (138 cases of total cancer) last diagnosed 5 years or more before PHS II baseline. A daily multivitamin did not have differential effects among men with more recent diagnoses less than 5 years ago (HR, 0.80; 95% CI, 0.50-1.26; P=.33) vs men with more distant diagnoses of 5 years or more before baseline (HR, 0.70; 95% CI, 0.50-0.98; P = .04; P for interaction = .70). Furthermore, no effect modification by the most recent type of cancer was found for prostate cancer (114 men; HR, 0.66; 95% CI, 0.34-1.27; P=.21) vs non-prostate cancer or unknown (1165 men; HR, 0.78; 95% CI, 0.58-1.05; P = .10) diagnosed before PHS II baseline (P for interaction=.62).
Adverse Effects
In addition to the main primary and secondary end points, we assessed a number of potential adverse effects of daily multivitamin use and found no significant effects on gastrointestinal tract symptoms (peptic ulcer, constipation, diarrhea, gastritis, and nausea), fatigue, drowsiness, skin discoloration, and migraine (all P Ͼ.05). Those men taking the multivitamin were more likely to have rashes (2125 men in multivitamin group vs 2002 men in placebo group; HR, 1.07; 95% CI, 1.01-1.14; P=.03). In addition, there were inconsistent findings for daily multivitamin use on minor bleeding, with a reduction in hematuria (1194 men in multivitamin group and 1292 men in placebo group; HR, 0.91; 95% CI, 0.84-0.98; P=.02), an increase in epistaxis (1579 men in multivitamin group and 1451 men in placebo group; HR, 1.10; 95% CI, 1.02-1.18; P =.01), and no effect on easy bruising and/or other bleeding (2786 men in multivitamin group For total cancer, site-specific mortality, total mortality, and cancer mortality, analyses included all 14 641 participants. For the incidence of site-specific cancers, analyses were restricted to men without that site-specific cancer at baseline. c Adjusted for age, PHS cohort (original PHS I participant, new PHS II participant), and randomized treatment assignment (beta carotene, vitamin E, and vitamin C), and stratified on baseline cancer. d Epithelial cell cancer was limited to carcinomas, which included all cancers except for lymphoma and leukemia. e Includes all cancers other than prostate cancer. f Additionally stratified on baseline cardiovascular disease. and 2806 men in placebo group; HR, 0.99; 95% CI, 0.94-1.05; P = .77).
COMMENT
In this large-scale, randomized, placebocontrolled trial among middle-aged and older men, long-term daily multivitamin use had a modest but statistically significant reduction in the primary end point of total cancer after more than a decade of treatment and follow-up. We found no evidence that this effect was driven by any individual site-specific cancers. In prespecified analyses, we found that the effect of a daily multivitamin in reducing cancer appeared stronger among men for secondary vs primary prevention of cancer in PHS II, although this difference was not significant for total cancer but was for total epithelial cell cancer. Approximately half of those men with baseline cancer in PHS II were last diagnosed 5 years or more ago, and we found no suggestion that more remote vs proximate diagnoses affected cancer risk.
Total cancer rates in our trial were likely influenced by the increased surveillance for prostate-specific antigen and subsequent diagnoses of prostate cancer during PHS II follow-up starting in the late 1990s. 26 Approximately half of all confirmed cancers in PHS II were prostate cancer, of which the majority were earlier stage, lower-grade prostate cancer with high survival rates. The significant reduction in total cancer minus prostate cancer suggests that daily multivitamin use may have a greater benefit on more clinically relevant cancer diagnoses.
In the Cancer Prevention Study II, which followed up more than 1 million US adults beginning in the early 1980s, multivitamin use was not associated with cancer mortality. 27 The Women's Health Initiative found that multivitamins had little or no relationship with the risk of breast, colon, or other cancers in more than 160 000 women followed up for a mean of 8 years. 9 Among 35 000 Swedish women, however, multivitamin use was associated with a 19% increased risk of breast cancer (95% CI, 1.04-1.37) during a 10-year period compared with women not using these vitamins. 8 How these results for breast and other cancers in women extend to our trial of men in PHS II remains unclear.
Other observational studies suggest protective relationships of multivitamins with various cancers, 28, 29 no association, 30, 31 and possible harm. 32 Studies with an association between multivitamins and specific cancers are typically of long duration, allowing for either a long latent period 11, 12, 33, 34 or increased statistical power. For example, increasing duration of multivitamin use was strongly associated with a reduced risk of colon cancer in 88 756 participants in the Nurses' Health Study followed up for 15 years. 12 A long latency period was also noted in the Cancer Prevention Study II, with an inverse association between multivitamin use with both colon cancer incidence 34 and mortality 11 after more than a decade of multivitamin use; however, these findings were not supported in PHS II.
Only a few large-scale, long-term chemoprevention trials have considered combinations of selected vitamins or minerals, although not with the typical diversity of common multivitamin formulations with recommended dietary allowance levels of vitamins and minerals such as that tested in PHS II. The Linxian Chinese Cancer Prevention Trial, 35 targeting 29 584 adults with low baseline nutrient status, tested a combination of beta carotene, vitamin E, and selenium for 6 years and found significant reductions of 9% in total mortality, 13% in cancer mortality, and 21% in gastric cancer mortality. After 10 years of posttrial follow-up, the beneficial effects on total and cancer mortality remained. 36 The Heart Protection Study 37 tested higher doses of those 3 nutrients among individuals with adequate dietary intake and found no reductions in total or site-specific cancers. A metaanalysis 38 of 8 large randomized trials of folic acid and vitamin B supplementa- tion found no effect on total cancer. In addition, the Supplementation en Vitamines et Mineraux Antioxydants (SU.VI.MAX) primary prevention trial 39 of 13 017 participants randomized to a low-dose combination of vitamin C, vitamin E, beta carotene, selenium, and zinc found no overall effect on total cancer, but there was a significant interaction with sex with a reduction in risk of total cancer in men only (relative risk, 0.69; 95% CI, 0.53-0.91).
Although numerous individual vitamins and minerals contained in the PHS II multivitamin study have postulated chemopreventive roles, it is difficult to definitively identify any single mechanism of effect through which individual or multiple components of our tested multivitamin may have reduced cancer risk. The reduction in total cancer risk in PHS II argues that the broader combination of low-dose vitamins and minerals contained in the PHS II multivitamin (eTable 2), rather than an emphasis on previously tested high-dose vitamins and mineral trials, may be paramount for cancer prevention. For example, in the Women's Health Initiative calcium and vitamin D trial, women not taking personal supplements randomized to vitamin D (400 IU/d) and calcium (1000 mg/d) had a reduction in total cancer similar to that observed in PHS II. 40 The role of a food-focused cancer prevention strategy such as targeted fruit and vegetable intake remains promising 41 but unproven given the inconsistent epidemiologic evidence 42 and lack of definitive trial data. One explanation for results of some previous trials of supplements has been that the trial populations are already well-nourished. 43 This may also be particularly true in PHS II, composed of Crude log-rank P = .19 Crude log-rank P = .02 male physicians, although populationbased clinical trials also recruit healthier individuals. [44] [45] [46] Participants in PHS II represent on average a well-nourished population for whom the effect of a daily multivitamin on cancer outcomes may be less applicable to those of poorer nutritional status. Additional studies need to evaluate how the range of baseline nutritional status modifies the effect of a daily multivitamin on cancer.
Strengths of PHS II include the long duration of treatment and follow-up and consistently good adherence to taking a daily multivitamin. The inclusion of physician participants provided high-quality reporting of health information. We are unaware of other long-term clinical trials testing a common multivitamin in the prevention of cancer and chronic disease. We selected a commonly used multivitamin formulation, Centrum Silver, at the time we initiated PHS II in 1997 to increase the potential generalizability of our findings.
Several limitations should also be considered. The formulations of the multivitamin preparation used in our trial and other multivitamin preparations have changed over time, reflecting evolving perspectives and priorities in nutrition. For example, since PHS II was initiated, in the commercial form of this multivitamin, vitamin D increased from 400 to 500 IU, vitamin A (% as beta carotene) decreased from 5000 IU (50%) to 2500 IU (40%), and 250 g of lutein and 300 g of lycopene were added. However, the formulation of the multivitamin used throughout PHS II (eTable 2) remained the same, resulting in a consistent intervention in our trial. An improved understanding of the effects of single vs combined nutrients-at usual levels of dietary intake-on intermediate mechanisms leading to cancer is critically needed.
It is unclear how easily our trial results for cancer outcomes may be replicated given the high prevalence of multivitamin use in adults and difficulty of conducting a long-term, blinded clinical trial. This is especially important given the potential challenge of generalizing to younger men and women and racial and ethnic groups not included in PHS II. It remains possible that more effective chemoprevention via multivitamins may occur with longer treatment or follow-up than conducted to date in PHS II, given the apparent latent results on colon cancer and mortality in some cohorts. 11, 12, 34 This is particularly salient in our analyses of site-specific cancers, for which continued PHS II follow-up would increase statistical power and detect any emergent latent effects. Adherence remains of concern as in any long-term trial, but adherence with the multivitamin component of PHS II remained consistently good during a mean follow-up of 11 years. Drop-in rates of outside multivitamin use did increase during follow-up, paralleling general population trends of increased vitamin supplement use in the United States, 2,47 but there were no differences in rates in active vs placebo multivitamin groups and analyses accounting for adherence did not greatly affect the HRs of total and site-specific cancers.
As in any trial, the role of chance must be considered. This is particularly important when multiple hypotheses are being addressed. In PHS II, we had only 2 primary outcomes-total cancer and major cardiovascular events. However, there are additional secondary outcomes that include eye disease, cognitive function, and a number of prespecified secondary analyses. Caution must be applied in the interpretation of these analyses.
In this large-scale randomized trial of 14 641 middle-aged and older men, a daily multivitamin supplement significantly but modestly reduced the risk of total cancer during a mean of 11 years of treatment and follow-up. Although the main reason to take multivitamins is to prevent nutritional deficiency, these data provide support for the potential use of multivitamin supplements in the prevention of cancer in middle-aged and older men.
